SUMMARY: Alveolar bone dehiscences, which were "V" shaped defects related the margin of the alveolar bone, were common findings in different populations and decreased bony support of teeth. It was difficult to detect dehiscence during direct clinical examination. All of the previous studies on the prevalence of dehiscences were based on dry human skulls. In the current article, we evaluated the prevalence of dehiscences occurring naturally in a Chinese subpopulation, and prepared a classification of dehiscences using cone-beam computed tomography (CBCT). The high prevalence rate of dehiscences and different characteristics of each category suggest that it would be helpful for clinicians who perform periodontal surgery, endodontic surgery, implant surgery or orthodontic treatment to understand which teeth are most often associated with such bony defects, and to consider the effect of severe dehiscences on their diagnosis and treatment plan.
INTRODUCTION
The periodontium is a unique structure of the human body that provides support and nutrition for the teeth via the alveolus, periodontal ligament, cement and supporting gingiva. Alveolar defects, usually have negative effects on the prognosis of oral surgeries (Bjerklin & Ericson, 2006) .
A dehiscence is defined as a V-shaped defect located along the alveolar bone margin (BM) toward the apex, and is located on the buccal or lingual side of a tooth (Leung et al., 2010) . The aetiology of dehiscences can be attributed to many factors, such as tooth ectopia, root projection, periodontal inflammation, frenum attachments, root vertical fracture and patient habits (Lustig et al., 2000; VilchezPerez et al., 2009) . Dehiscences can be caused by one of the factors mentioned above or by the interactions of different factors.
The presence of dehiscences decreases the bony support for the teeth, which predisposes teeth to gingival recession, influences the rate and pattern of bone loss and complicates the outcome of oral surgeries. Alveolar bone with a dehiscence usually lacks a supporting layer of bone marrow, and depends on the periosteum and periodontal connective tissue for adequate nourishment and blood supply. Therefore, surgeries or treatment that remove or damage the periosteum, such as mucogingival surgery and endodontic surgery, will lead to even further resorption of the thin overlying plate of bone.
Dehiscences are present in different populations, with a reported prevalence ranging from 3.2% to 7.1% (Table I) . Because of the high occurrence rate and undesirable effects of dehiscences, it is important that the dentists who perform oral surgeries or treatments and surgery have knowledge of the effects of dehiscences on disease diagnosis and prognosis and on treatment planning in daily clinical practice. Considering the fact that bone dehiscences are covered by soft tissues, they are not visible to the naked eye and are usually undetectable. Occurring on the buccal or lingual side, dehiscences also escape routine radiographic diagnosis because of the overlapping images of the surrounding bony tissues. Hence, previous studies that investigated the prevalence of dehiscences were based merely on dry human skulls and on flap surgery on cadavers via direct evaluation (Rupprecht et al., 2001) . The establishment of an accurate diagnosis of dehiscences without destroying soft tissues was reported only recently: cone-beam computed tomography (CBCT) was used to evaluate dehiscences in patients during orthodontic treatments (Janson et al., 2003) . The accuracy of CBCT for identifying and measuring dehiscences has been confirmed in studies of artificially created alveolar bone defects (de-Azevedo-Vaz et al., 2013) . Hence, CBCT has advantages for the evaluation of naturally occurring bony dehiscences in vivo (Ising et al., 2012) .
Thus, the aim of this paper is to evaluate the prevalence, distribution and severity of dehiscences that occur naturally in humans by improving the method of dehiscence identification through CBCT and making a classification of dehiscences using a novel system based on the findings.
MATERIAL AND METHOD
Sample collection. Three hundred sixty four CBCT images from patients who received CBCT during routine examination were obtained from the Department of Oral Radiology, West China Hospital of Stomatology, Sichuan University, China. The study was approved by the Ethics Committee of the West China Hospital of Stomatology, and informed consent was obtained from the patients. CBCT images that included mixed dentition, single jaw, less than 10 teeth per jaw, metal prostheses, obvious trauma or tumor or cyst in the alveolar process, as well as those without a view of the entire tooth and surrounding alveolar bone, were excluded from the study. Third molars were also excluded. Finally, a total of 108 patients (2574 teeth) were obtained (Table II) .
Radiographic technique. The CBCT images were produced at 80 kV and 5.0 mA using a 3D Accuitomo scanner (J. Morita, Kyoto, Japan), with the voxel size of the images set at 0.125 mm and the slice thickness set at 1 mm. CBCT was performed by an experienced oral radiologist using the manufacturer's protocol and radiographic standards to guarantee the quality of the images and to minimize the A V-shaped defect along the alveolar bone margin apically with the lack of the margin, locates on the buccal or lingual aspect of a tooth. radiation dosage delivered to the patients. Three-dimensional (3D) reconstructions were performed for each patient based on the CBCT images.
Evaluation of images.
All of the analysis and 3D reconstructions of the CBCT data were performed using the in-built software (i-Dixel One Volume Viewer, Ver. 1.5.0) and viewed on a 32-in Sony LCD screen with a resolution of 1920 ´ 1080 pixels in a dim light room.
The 3D volume-rendering mode was used to display the CBCT images to identify dehiscences in the buccal/lingual alveolar bone (Fig. 1A) . Any V-shaped alveolar bony defect involving the bone margin and pointing to the root apex was identified as a dehiscence. After a dehiscence was diagnosed, the tooth root was evaluated in 2D cross-sectional images ( Fig. 1B and 1C) . First, the coronal (mesiodistal) plane of each tooth, which was determined by a line connecting the midpoints of the mesial and distal marginal ridges, was placed perpendicular to the horizontal plane, and the alveolar bone height was measured from the cement-enamel junction (CEJ) to the alveolar crest (AC). The height was represented by HMD (the height of the CEJ-AC in the mesiodistal plane) (Fig. 1B) . Subsequently, the sagittal (buccolingual) planes were placed perpendicular to the horizontal plane, and an alveolar defect was recorded when there was no cortical bone around the root in at least three consecutive views. The linear height of the CEJ to the AC in the buccolingual plane, which was represented by H BL , was measured in three adjacent sagittal planes through the dehiscence, and the maximum height value was chosen (Fig. 1C) . Finally, the height of the dehiscence (H D ) was equal to HBL minus HMD (D H = H BL -H MD ). D H >0 indicated the existence of an alveolar bone dehiscence, whereas D H ≤0 indicated a false-positive result of the 3D view.
Moreover, to distinguish dehiscences with different clinical manifestations in the present study, alveolar bone dehiscences were categorized into the following types and divisions, using a novel classification system based on the height of the dehiscence and other accompanying alveolar bone defects. All of these classifications were established using the sagittal planes (Fig. 2 ).
Class I: simple dehiscences located on one side (buccal or lingual) of the tooth, without any other alveolar bone defects. Division I: dehiscences of the coronal one-third of the root. Division II: dehiscences of the middle one-third of the root. Division III: dehiscences of the apical one-third of the root, without the involvement of the apical foramen. Table II . Samples included for evaluation. In Class I dehiscences, the tooth root was divided into three equal portions, from the CEJ to the root apex. The coronal, middle and apical one-third of the root were classified as Division I, Division II and Division III, respectively.
Class II: dehiscences with periapical bone defects located on one side (buccal or lingual) of the tooth. Division I: dehiscences of the whole root, with the involvement of the apical foramen. Division II: dehiscences accompanied by periapical lesions. A periapical lesion was defined as a radiolucency associated with the apical part of a root that exceeded at least twice the width of the periodontal ligament space (Lofthag-Hansen et al., 2007) . Division III: dehiscences with fenestrations surrounding the root surface apically. Fenestration was identified as a defect in the alveolar bone without involvement of the alveolar margin (Pan et al., 2014) .
Class III: dehiscences locating on both sides of the tooth. The classification is established according to the more severe side, referring to the divisions of Class I and Class II.
To distinguish Class I Division III from Class II Division I, more than three sagittal planes were used to detect the relationship between the margin of the defect and the apical foramen.
Two observers evaluated the teeth separately using the same criteria. When they disagreed, the third observer was introduced to evaluate the images with them and produce final consensus. Before the study, the three observers were trained in the same diagnostic criteria for the diagnosis of dehiscence and the details of this study, to improve baseline consistency.
Statistical analyses. Data analysis was conducted with
Statistical Package for the Social Sciences (SPSS, version 18.0, Chicago, IL, USA) and the samples were confirmed with Gaussian distribution and homogeneity of variance. The prevalence of dehiscences in different teeth, different jaws, different sexes and different ages was evaluated using a regression analysis. One-way ANOVA followed by postTurkey or Bonferroni multiple comparison tests were used to analyze the differences in different teeth and different ages, student t test for comparison the data of different jaws and different sex. Mean values with a difference of P<0.05 were considered statistically significant.
RESULTS
The CBCT images of 2574 teeth in 108 patients were examined. Alveolar bone dehiscences were associated with 8.51% of all teeth (Table III) , and at least one dehiscence was identified in 75% of all patients.
The intra-oral distribution of these defects is shown in Table IV . The distributions of dehiscences according to jaw and tooth type were calculated; 11.55% of dehiscences were observed on mandibles, whereas 5.37% of dehiscences were observed on maxillaries. The teeth that were most commonly associated with dehiscences were the first mandibular premolars (37.56%) and the mandibular canines (13.49%) (P = 0.00). The first maxillary molars (10.08%), second mandibular premolars (9.95%) and first maxillary premolars (8.65%) followed, albeit without statistically significant differences between any two of these three groups. Women had more alveolar bone dehiscences (10.8% vs. 7.03%) than men (P= 0.00) ( Table III) .
Most of the dehiscences were found in the buccal alveolar plates (96.80%), and only 5.02% were found in the palatal or lingual side.
The dehiscences were classified into three types. The prevalence of dehiscences according to the different classifications is listed in Table V . Class I was the most frequent type (86.03%), followed by Class II (7.31%) and Class III (6.39%). In Class I, and considering the specific part of the root involved, Division II was the most common subtype (42.47%), followed by Division I (26.03%) and Division III (17.35%). In Class II, which includes periapical bone defects, the most common type was Division III (5.94%), followed by Division I (0.91%) and Division II (0.46%). (P= 0.00) 
DISCUSSION
As a routine dental radiography modality, CBCT has the potential to identify periodontal and alveolar defects without distortion, which is seen commonly in a panoramic radiograph. Compared with conventional radiography, CBCT enables the understanding of the morphology and the measuring of the size of alveolar defects. Previous studies Evangelista et al., 2010; Yagci et al., 2012) have used CBCT to measure the alveolar bone and detect dehiscences via axial and cross-sectional imaging. Leung et al. , evaluated the accuracy and reliability of CBCT 3D constructions for measuring alveolar bone height and defects via direct measurements in 3D images. To facilitate the investigation of a large number of samples, we improved the method by combining the CBCT 3D constructions with 2D sections. Preliminary screenings were performed according to the 3D images. Subsequently, the 2D sections were used to exclude false-positive results, including thin bone coverage and horizontal resorptions and fenestrations, which were mistaken for dehiscences on 3D views. Finally, a definitive diagnosis and classification were established.
In previous studies on dehiscence that used CBCT, the method applied was usually direct measurements of CEJ-AC (Leung et al.) , which was feasible for samples without horizontal resorption. However, the absorption of the alveolus would lead to false-positive results. Therefore, we improved the method by excluding the effect of horizontal resorption (Fig. 1) .
Among the 2574 teeth examined, 8.6% had alveolar bone dehiscences. This was somewhat higher than the 3.2% to 7.1% reported in the previous literature, which investigated dry human skulls among various ethnic groups (Table? ). There are various explanations for this difference, including the racial differences suggested by most investigators, the various criteria used for the diagnosis of dehiscences, discrepancies between dry skulls and CBCT images, etc. Rupperecht et al. and Tal (1983) indicated that the different diagnostic criteria used by different authors may have had an additional effect on their results, making consensus difficult to reach. The definitions of dehiscence varied from a deficiency in alveolar bone resulting in the absence of alveolar cortical plate to a denuded root. The dimensions of dehiscences ranged from 1 mm to 4 mm or more from CEJ to AC. These differences in definitions and criteria may explain some of the variability in the distribution and prevalence of dehiscences observed among studies. Therefore, according to previous studies, we have emphasized the main characteristics of all the dehiscences, which could be described as a V-shaped defect located along the alveolar bone margin, together with the denuded areas involving the alveolar bone margin. The V shape is critical for the differentiation of dehiscence from horizontal bone loss and U-shaped defects. The absence of the bone margin is used to distinguish dehiscence from fenestration, which is a window-like defect of the alveolar bone without the involvement of the alveolar margin (Pan et al.) . Hence, in our study, an alveolar bone dehiscence was defined as a bony defect of the alveolar unit that appears as a V-shaped defect along the alveolar bone apically, lacks a margin and is located on the buccal or lingual side of a tooth. This definition was a combination of all previous definitions, and was not limited by the CEJ-AC length of the defect. As a result, it may lead to a higher prevalence of dehiscences than that reported in previous studies.
Moreover, as the alveolar bone plates in dried skulls may be physically damaged after exposure to soil, air and dissection, which may destroy the "V" shape of dehiscences, the prevalence of this phenomenon in those studies might be different from that observed in this in vivo study. Different ethnic backgrounds, preservation methods and acquisition methods would also affect the extent of bone erosion.
In the present study, dehiscences were more frequent in the mandible than in the maxilla. The most commonly associated teeth were the first mandibular premolars and mandibular canines. These findings were in agreement with those of previous reports (Rupprecht et al.; Davies et al., 1974) , and indicated that more attention should be paid to the teeth mentioned above. Alveolar defects were found frequently on the buccal or labial surfaces in this study and in previous ones (Rupprecht et al.; Edel, 1981) . In addition, the defects (5.02%) were also found on the lingual or palatal aspect of the root. These results are consistent with the investigations of Rupperecht et al., and Evangelista et al. Dehiscences occurred more frequently in women than in men. However, only one other study reported that dehiscences were more frequent in women, without statistical support (Rupprecht et al.) . Although this could be attributed to the thinner alveolar bone of women, further studies are needed to assess this issue. In the present study, dehiscences were found most frequently on mandibular first premolars in all age groups, which was consistent with the study reported by Davies et al.. However, there was no statistically significant difference between any two age groups. This may indicate that age is not an important cause of dehiscences.
According to the literature, different criteria were used to detect dehiscences, and little information about the size or type of dehiscence was provided. Mild dehiscences may exist, without symptoms. However, severe dehiscences can result in further periodontal breakdown and aesthetic complications (Cardaropoli & Gaveglio, 2007) . According to the new classification suggested in this study, alveolar bone dehiscences were classified into three classes, depending on the size of the dehiscences or whether the dehiscences were accompanied by any other alveolar bone defect.
In Class I, simple dehiscences that occurred on one side of the teeth were then sorted into three divisions, depending on the range of the dehiscences. It was reported that the root surface located between the gingival margin and the alveolar bone margin is attached tightly by a long connective tissue (Löst, 1984) . Hence, Class I Division I (26.03%), which was the mildest condition among all the dehiscences, may have no symptoms or signs. Class I Division II (42.47%) may have some signs of gingival recession, leading to various degrees of aesthetic problems, but may be painless or lack loosening because of the support from the bone and long connective tissue. The three divisions accounted for most of the dehiscences, which implies that most of the patients with dehiscences have no chief complaint or obvious signs. Class I Division III may have some aesthetic or lingual-buccal loosening problems, albeit not severe because of the remaining support from the connective tissue and the bone. Dehiscences located on both sides of the tooth were classified as Class III, whose effect will be determined by the two defects.
In the present study, dehiscences with periapical lesions were also detected; these may lead to pathological changes. Class II Division I included dehiscences of the whole root involving the root foramen, which may yield no pathological changes for a long time because of the support and nutrition from the connective tissue. However, once inflammation or trauma occurs in the teeth, severe effects, such as tooth mobility, retrograde pulpitis or loss of the tooth, will occur. Class II Division II included dehiscences with any periapical bone defect combined with inflammation, which were often caused by pulpitis. In cases with spreading of the periapical lesion, it is easy to break through the bone between the dehiscence and periapical lesion, leading to periodontal-endodontic combined lesions. Class II Division I and Division II represented only three cases among the teeth studied here. It is assumed that most of the teeth with these classes of dehiscences could not be included in the classification because of natural loss or extraction in older patients. Class II Division III represented the combination of dehiscence and fenestration, and is complex. A combination with the classification of fenestration provided in the study of Pan et al., should be considered under specific conditions. During mucogingival flap surgery, the root surface should not be exposed, and an adequate blood supply to the soft tissue coverage of the defect should be ensured (Yagci et al.) . Dehiscences are sometimes located in areas with a relatively thin mucosa, which may result in insufficient blood supply to the flap. Therefore, a full-thickness flap is suggested to maximize blood supply to the overlying tissue at the defect site. Kim & Kratchman, (2006) indicated that deficiency of marginal bone tissue has a significant effect on the prognosis of endodontic microsurgery. A buccal bone plate that covered the teeth for >3 mm was expected to yield a favorable outcome. Once an alveolar bone defect is found, a comprehensive treatment plan including endodontic microsurgery is suggested. Spray et al. (2000) indicated that an alveolar bone wall with a thickness greater than 2 mm was crucial for the successful long-term outcomes of implants. Merheb et al. (2010) reported that a terminal dehiscence defect would influence the stability of the implant. For patients with a thin alveolar wall or bone defect, a thorough examination and adjunctive bone augmentation are recommended (Zekry et al., 2013) . Considering the fact that peri-implant bone defects are not visible to the naked eye and traditional radiography, CBCT is of paramount importance to detect such defects (de-Azevedo-Vaz et al.) .
The possible presence of dehiscences also requires attention before orthodontic treatment. Gingiva augmentation prior to orthodontic therapy should be considered for all teeth with a gingival complex. Severe dehiscences, on the other hand, can be partly improved by a combination of guided tissue regeneration and connective tissue graft. This is of even greater importance for teeth in which clinical examination or CBCT images indicate the presence of underlying dehiscences.
There was a lack of report on clinical signs of dehiscences in the present literature. Combining dehiscences detected from the existing CBCT images with the clinical manifestations would make clinically detecting of dehiscence more targeted. It will be helpful to avoid the excessive application of CBCT through prejudgment of the severity of dehiscence type clinically, which is the next research purpose of this subject.
